Introduction {#sec1-1}
============

Hyperglycemia, uncontrolled glucose regulation, is widely recognized as a causal link between diabetes and diabetic complications that induced oxidative stress and it can be implicated in the etiology of diabetic nephropathy.\[[@ref1][@ref2]\]

Hyperglycemia which occurs during diabetes type 1 and type 2 causes oxidative stress.\[[@ref3]\]

Cellular senescence is programmed biological process activated by normal cells in response to various types of stress that includes telomere uncapping, oxidative stress, oncogene activity, and so on.\[[@ref4]\] Once cells enter senescence period, they undergo a series of morphologic and metabolic changes.

Senescence-associated beta galactosidase (SA-beta-GAL) is a widely used marker for cellular senescence that in 1995, Dimri *et al*. described a candidate biomarker for replicative senescence. The activity of SA-beta-GAL is detectable at pH 6.0 and permits the identification of senescent cells both in culture and in mammalian tissues.\[[@ref5][@ref6]\]

Sirtuins (SIRTs) are NAD^+^ -dependent deacetylases that catalyze the hydrolysis of acetyllysine residues. They play an important role in many physiological and pathophysiological processes, such as aging and metabolic regulations.\[[@ref7]\]

Deficiency under various stress conditions, such as metabolic or oxidative stress or hypoxia, is implicated in the pathophysiologies of age-related diseases including diabetes, cardiovascular diseases, and renal diseases.\[[@ref8]\]

The sulfur-containing amino acid residues, cysteine, and methionine are sensitive to oxidative stress. Oxidation of the sulfhydryl groups on these amino acids is unique in which oxidative changes can be enzymatically repaired by a number of highly expressed thiol-reducing systems, thioredoxin (Trx), and glutaredoxin. During the reduction of disulfide groups, Trx itself oxidizes, and requires reduction by Trx reductase to restore its activity. In addition to this redox process, the activity of Trx is modulated by an endogenous inhibitor, Trx interacting protein (TXNIP).\[[@ref9]\]

Quercetin (3,3',4',5,7-pentahydroxyflavone) is a bioflavonoid found in green vegetables, onions, apples, legumes, green tea, citrus fruits, red grape wine, and like other flavonoids, acts as a quencher for reactive oxygen species (ROS) generated by any physical or chemical action.\[[@ref10]\]

Resveratrol (3, 5, 4'-trihydroxystilbene) is a natural polyphenol extracted from grapes and several plants, characterized as a potently free radical scavenger and antioxidative agent.\[[@ref11]\]

In this study, we evaluated the effects of different doses of resveratrol and quercetin and the combination of these two substances under hyperglycemia condition in a human kidney cell cultures; furthermore, we evaluated some oxidative stress and aging markers in these cells.

Methods {#sec1-2}
=======

Reagents {#sec2-1}
--------

Resveratrol, quercetin, and penicillin and streptomycin antibiotic were obtained from Sigma (Sigma, Aldrich, USA) company. Human embryonic kidney cell (HEK-293) was purchased from Stem cell technology research center (Iran, Tehran). DMEM containing 25 mM (4.5 mg/L) glucose, fetal bovine serum (FBS) and trypsin-ethylenedinitrilotetraacetic acid were obtained from Gibco (USA). Dimethyl sulfoxide was purchased from the Biomedical company (USA). Primer sequences to measure gene expression by real time-polymerase chain reaction (PCR) technique were ordered from Bioneer (Korea) company.

Human embryonic kidney cell culture {#sec2-2}
-----------------------------------

HEK-293 cells was cultured in DMEM containing 25 mM (4.5 mg/L) glucose, 10% FBS (v/v), 1% penicillin, and streptomycinantibiotic. High glucose treatment was performed by culturing cells in DMEM containing 100 mM (18 mg/L) glucose and for the indicated times.

Treatment procedure {#sec2-3}
-------------------

Cells were seeded in 6-well plates with DMEM containing 25 mM glucose and 10% FBS. After cell confluence reached at 60%--80%, the medium was replaced with DMEM containing 100 mM glucose and 2% FBS. Twenty-four hours later, the cells were cultured in DMEM containing 100 mM glucose and treated with resveratrol (2.5, 5, 10 μm), quercetin (3, 6, 12 μm), and combination of these two substances (R 2.5 μm, Q 3 μm) and (R 5 μm, Q 6 μm) and (R 10 μm, Q 12 μm) after 24 h medium and treatments was replaced. 24 h later, the cells were lysed by lysis buffer.

RNA extraction and real-time polymerase chain reaction {#sec2-4}
------------------------------------------------------

Total RNA was extracted from cells using the TRIZOL reagent. cDNA was synthesized by thermo science kit. Real-time PCR was performed using cDNA single strand. Briefly, reverse-transcribed cDNA in triplicate samples were checked for beta-galactosidase, SIRT1, TXN, and TXNIP mRNA levels with SYBR Green PCR master kit (Jena Bioscience Germany). PCR primers for target cDNAs were: Beta-Galactosidase: 5'-AACAGGCAGCAACATCACAG (Forward) and 5'-GCAAGTATATCATAGAGGGAGGAA (Reverse);

TXN: 5'-AAGAAGGGACAAAAGGTGGGT (Forward), and 5'-GCAGATGGCAACTGGGTTTATG (Reverse); TXNIP: 5'-AGCCAGCCAACTCAAGAGAC (forward), and 5'-AGCAGACACAGGTGCCATTA. Beta-actin primers were: 5'-TGGCACCCAGCACAATGAA (forward) and 5'-CTAAGTCATAGTCCGCCTAG (reverse) and SIRT1: 5'-CACCAGAAAGAACTTCACCACCAG (forward) and 5'-ACCATCAAGCCGCCTACTAATCTG (reverse). Relative levels of target gene mRNA expression were calculated using the 2^−ΔΔCT^ method. Amplification of the target gene cDNA was normalized to beta-actin expression.

Statistical analyses {#sec2-5}
--------------------

The experiments were repeated three times in each group and data are expressed as mean ± standard deviation statistical analysis is carried out with SPSS software version 16 (SPSS, Chicago) in the significant level α = 0.05 and using one-way ANOVA and post-Tukey tests.

Results {#sec1-3}
=======

We evaluated the effects of different doses of resveratrol and quercetin and the combination of these two substances under the conditions hyperglycemia in a human kidney cell cultures; moreover, we evaluated some oxidative stress and aging markers in this cells.

The effect of resveratrol and quercetin on aging markers {#sec2-6}
--------------------------------------------------------

Kidney cells in high glucose condition showed increased level of the aging marker; beta-galactosidase enzyme \[[Figure 1](#F1){ref-type="fig"}\]. The analysis of data showed that beta-galactosidase enzyme gene expression in all three treatment groups including resveratrol, quercetin, and the combination group was reduced in a dose-dependent manner. In combination therapy groups, high dose of resveratrol and quercetin showed notable effect on aging marker \[[Figure 1](#F1){ref-type="fig"}\].

![The effect of resveratrol, quercetin, and combination treatment on gene expression of beta-galactosidase in hyperglycemia condition compared with control (nontreated cells). Values are shown as mean ± standard deviation of triplicate wells. \*Significant (*P* ≤ 0.05) difference between treated human embryonic kidney-293 and untreated control cells](IJPVM-8-64-g001){#F1}

The effect of resveratrol and quercetin on markers of oxidative stress {#sec2-7}
----------------------------------------------------------------------

The analysis of data showed that gene expression of SIRT1 has increased in all treated groups compared to the high glucose control group. The increased expression in the combination group of resveratrol and quercetin was remarkable \[[Figure 2](#F2){ref-type="fig"}\].

![The effect of resveratrol, quercetin, and combination treatment on gene expression of Sirtuin1 in hyperglycemia condition compared with control (nontreated cells). Values are shown as mean ± standard deviation of triplicate wells. \*Significant (*P* ≤ 0.05) difference between treated human embryonic kidney-293 and untreated control cells](IJPVM-8-64-g002){#F2}

Furthermore, gene expression of Trx in all treated groups compared to the high glucose control group in a dose-dependent manner augmented. Trx gene expression significantly increased in high doses of resveratrol and combination group \[[Figure 3](#F3){ref-type="fig"}\].

![The effect of resveratrol, quercetin, and combination treatment on gene expression of thioredoxin in the hyperglycemia condition compared with control (nontreated cells). Values are shown as mean ± standard deviation of triplicate wells. \*Significant (*P* ≤ 0.05) difference between treated human embryonic kidney-293 and untreated control cells](IJPVM-8-64-g003){#F3}

TXNIP gene expression decreased in a dose-dependent manner in all treated groups.

TXNIP gene expression significantly increased in high doses of resveratrol and combination group \[[Figure 4](#F4){ref-type="fig"}\].

![The effect of resveratrol, quercetin, and combination treatment on gene expression of thioredoxin interacting protein in hyperglycemia condition compared with control (nontreated cells). Values are shown as mean ± standard deviation of triplicate wells. \*Significant (*P* ≤ 0.05) difference between treated human embryonic kidney-293 and untreated control cells](IJPVM-8-64-g004){#F4}

Discussion {#sec1-4}
==========

Diabetic nephropathy is one of the microvascular diseases related to diabetes that under conditions of chronic hyperglycemia in diabetes can cause damage to kidney cells. In this study, we evaluated the effects of different doses of resveratrol and quercetin and the combination of them under the conditions hyperglycemia in a human kidney cell cultures. Besides, we evaluated some oxidative stress and aging markers in these cells. Resveratrol alone and also with quercetin could improve oxidative stress status and aging marker level.

Resveratrol and quercetin are a family of polyphenols which their antioxidant and their anti-diabetic properties have been proven. Quercetin reduces blood glucose levels in diabetic rats.\[[@ref12]\]

Quercetin treatment caused a reduction in polyuria (\~45%) and glycemia (\~35%), that abolished hypertriglyceridemia and had significant effects on renal function such as decreased proteinuria and high plasma levels of uric acid, urea, and creatinine, which were accompanied by beneficial effects on the structural changes of the kidney, especially glomerulosclerosis. This study showed a decrease in oxidative stress and apoptosis in diabetic nephropathy mice.\[[@ref13]\]

Resveratrol protects against oxidative stress and exhibits anti-inflammation properties, which may contribute to its beneficial effects on the early stage of diabetic nephropathy.\[[@ref14]\]

Resveratrol ameliorated renal injury and enhanced mitochondrial biogenesis with Mn-super oxide dismutase dysfunction in the kidney of mice. Resveratrol has antioxidative activities through Adenosine monophosphate-activated protein kinase/SIRT1-independent pathway.\[[@ref15]\]

Beta-galactosidase enzyme is considered as a cellular aging marker, and data analysis showed that the expression of this enzyme in HEK cells was increased in hyperglycemia. The present study showed that in all groups treated with resveratrol and quercetin and combination treatment with dose-dependent manner decreased the expression of this gene and the most significant effect was observed in the combination treatment group. In 2008, Verzola was studied on the aging process in the kidneys of patients with type 2 diabetic nephropathy. Data analysis showed that expression of SA-beta-GAL increased in the kidney of patients with type 2 diabetes. The staining of SA-beta-GAL in the early stages of diabetic renal tubular disease is approximately three times higher than the control group.\[[@ref16]\]

Other marker of aging is senescence marker protein30 (SMP30), SMP30, anti-aging marker protein, a 34 kDa cytosolic protein that plays an important role in calcium homeostasis, oxidative stress, and ascorbic acid biosynthesis. Based on our previous study, the expression of SMP30 anti-aging factor decreased in high glucose medium. Treatment with different concentrations of resveratrol, quercetin, and notably resveratrol/quercetin induced the mRNA expression of SMP30 in HEK-293 cells.\[[@ref17]\]

The first SIRT was discovered in the body of the SIRT protein and was named SIRT1. Since then, six SIRT proteins have been found (SIRT2 to SIRT7).\[[@ref18]\]

SIRT1 deficiency under various stress conditions, such as metabolic or oxidative stress or hypoxia, is implicated in the pathophysiologies of age-related diseases including diabetes, cardiovascular diseases, and renal diseases.\[[@ref8]\] Various studies have shown that resveratrol can prevent reduce SIRT1 levels in hyperglycemia conditions.\[[@ref19]\]

Other study showed chronic hyperglycemia accelerated aging process through a novel SIRT1 and p300 regulated pathway.\[[@ref20]\]

The analysis of data in the present study showed that gene expression of SIRT1 increased in all treated groups compared to the control group with a high concentration of glucose in a dose-dependent manner. The increased expression in the combination group of resveratrol and quercetin was remarkable.

Increased levels of ROS by hyperglycemia can induce the apoptosis of renal cells and diabetic nephropathy.\[[@ref21]\] To protect cells against oxidative stress, cells possess defensive mechanisms such as intracellular antioxidants. Although enzymes in the antioxidants defense mechanisms of the cell are induced under hyperglycemic conditions the oxidative stress remains high. Furthermore, there are endogenous inhibitor of antioxidants such as TXNIP.\[[@ref22]\]

High glucose significantly increases intracellular ROS levels in human aortic endothelial cells. In addition, high glucose can reduce the antioxidant activity of Trx. This study showed that glucose enhances the expression of TXNIP, a Trx inhibitory protein, through p38 mitogen-activated protein kinase.\[[@ref23]\]

In this study, the expression levels of Trx as an antioxidant had a significant increase in all treated groups compared with the control group, also, the TXNIP expression levels decreased in all groups compared to the control group. In this regard, a study on diabetic rats showed that TXNIP expression levels significantly increased in diabetic mice.\[[@ref22]\]

Conclusions {#sec1-5}
===========

According to the results of this research, it can be concluded that resveratrol, quercetin and especially their combination improves expression levels of antioxidants and aging markers in HEK cell line in hyperglycemia conditions.

Therefore, resveratrol and quercetin can be used in pharmacology industry as supplementary treatment in recovery and treatment of stress caused by high glucose and prevention of complications of diabetes including diabetic nephropathy.
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